Introduction E ach year, 3-5 million severe cases of seasonal influenza occur worldwide resulting in 250 000-500 000 deaths. 1 Influenza and its complications have a profound socio-economic impact in terms of direct (e.g. treatment and hospitalization) and indirect costs (e.g. absenteeism and presenteeism). 2, 3 Specific population groups are at higher risk of influenza-related complications. These high-risk groups include, among others, older adults and individuals with chronic disease. Vaccination of high-risk groups lowers risk for adverse health outcomes 4 including influenza-associated complications and mortality among older adults by up to 60 and 80%, respectively. 1 Vaccination of high-risk groups is therefore recommended by the World Health Assembly (WHA) 5 as well as by national guidelines of most European countries. 6, 7 Previous estimates suggest that more than 110 million adults in European Union (EU) Member States belong to one or more high-risk groups that would potentially benefit from vaccination. 4, 8 However, the extent to which high-risk individuals currently receive influenza vaccination varies considerably between European countries 7, 9, 10 with some EU countries achieving very low rates of coverage. These disparities may, in turn, translate into substantial public health consequences in the event of an European influenza pandemic.
Our current understanding of international differences in influenza coverage is based on reports with several limitations. Many previous studies, for example, rely upon reporting by national gatekeepers who draw on diverse data sources to provide estimates for national vaccination coverage. 7, 9 Although there are many publications drawing on primary data on influenza coverage for North American samples [11] [12] [13] or samples of single European countries, [14] [15] [16] [17] [18] studies simultaneously assessing representative samples from multiple nations within the EU are uncommon. 10, 19, 20 In those that do, data collection techniques are rarely standardized across countries, thereby threatening the validity of cross-country comparisons. Other shortcomings of past work include focus on a limited number of countries under study 19 and a failure to provide data on vaccination coverage in high-risk groups (e.g. those with cardiovascular or respiratory disease). 10, 20 Data on high-risk groups are essential for guiding public health policy to curtail the impact of influenza outbreaks at the national and international level.
In this study, we draw upon data from a large population-based study conducted in 11 European countries. Specifically, we compared (i) the influenza vaccination coverage among high-risk groups and (ii) the strength of the association between high-risk group membership and vaccination coverage between European countries. These data may help identify Member States in which efforts to target influenza vaccination could be intensified.
Methods

Participants and data collection
We used data from the first wave of the Survey of Health, Ageing and Retirement in Europe (SHARE), conducted in 2004-05. 21, 22 Briefly, at enrolment, SHARE participants resided in one of 11 countries (Austria, Belgium, Denmark, France, Germany, Greece, Italy, The Netherlands, Spain, Sweden and Switzerland), were aged !50 years, not institutionalized or living abroad, and spoke the official language(s) of their home country. The participant's partner/spouse was included as well (regardless of age). A variety of probability sampling techniques were used to generate nationally representative samples. 22 In Belgium, two independent samples were recruited (in Wallonia and Flanders), which are addressed separately in this article. In the Belgian samples, most data were collected between January and June in 2005. In all other countries data were gathered in 2004, mostly between April and October.
Data were collected by face-to-face interviews and questionnaires that had been pretested and refined in participating countries. 22 Interview response rates ranged from 74% (Spain) to 93% (France) (country mean = 85%). Items on influenza vaccination were included in self-completed questionnaires, with response rates ranging between 70% in Sweden and 93% in Greece (country mean = 81%).
Influenza vaccination was assessed by the question: 'In the last year, have you had a flu vaccination?' The definition of high-risk groups was consistent with vaccination guidelines in effect in most EU Member States in 2006-07. 15 We assumed that the national recommendations for the 2006-07 influenza season would not substantially differ from those in 2003-04. The exact definitions based on self-reported data were as follows:
'Older adults' were defined as !65 years of age because individuals in the majority of the included countries should be vaccinated at !65 years according to national guidelines. 23 This operational approach is also consistent with the WHO definition. 1 The presence of vascular disease, as indicated by one or more of the following: physician-diagnosed stroke/cerebral vascular disease or heart attack (including myocardial infarction or coronary thrombosis or any heart problem including congestive heart failure), or current, regular use of medications (at least weekly) for treatment of coronary or cerebrovascular disease or other heart diseases. The presence of chronic lung diseases, as indicated by one or more of the following: physician-diagnosed asthma, physician-diagnosed chronic lung disease or current, regular use of medications (at least weekly) for treatment of asthma or chronic bronchitis. Diabetes, as indicated by report of physician-diagnosed diabetes, high blood sugar or current, regular use of medications to treat diabetes.
The SHARE data contained an item identifying physician-diagnosed Parkinson's disease, a condition frequently highlighted in national vaccination guidelines as carrying greater risk. The number of individuals reporting Parkinson's disease was low, however, and it was therefore not considered in our statistical analysis.
Statistical analyses
Complete data on the variables required to define high-risk group membership, vaccination and confounders (see below) were available for 16 913 individuals. On the country-level, the sample size ranged from n = 682 (Switzerland) to n = 2083 (Sweden).
We first estimated overall-and country-specific age-and sex-weighted vaccination coverage along with corresponding 95% confidence intervals (CIs). Next, associations between influenza vaccination and individual risk conditions were explored by logistic regression estimating odds ratios (ORs) and corresponding 95% CIs.
Logistic regression models were initially adjusted for sex and, if appropriate for age (!65 years vs <65 years). In a second step, variables representing membership in any high-risk group were entered into the same model (thus, mutually adjusted) and were adjusted for the following confounders: income (tertiles of total gross household income adjusted for purchasing power parity and divided by the number of household members), education (measured according to the 1997 International Standard Classification of Education 24 and categorized into three groups: those with less than a completed secondary education, those with secondary or post-secondary education, and those having completed the first and second stage of tertiary education), and the number of contacts with physicians per year categorized as 0-1, 2-5, 6-10 and >10. To reflect the probability of selection, individual sample weights calibrated against the distribution of each country's residents by age group and sex were incorporated into the analyses. Analyses were conducted using SAS 9.2. (Proc Surveyfreq and Proc Surveylogistic, SAS Institute Inc., Cary, North Carolina, USA). Variances for both coverage rate and ORs were estimated by the Taylor series linearization method to account for the complex survey design.
As mentioned, the cut-off used to define a high-risk group based on age is !65 in most countries. To test the sensitivity of our results, we developed models using an age cut-off at !60.
Results
The SHARE subsample included in this study had a mean age of 64.5 years (SD = 9.8 years) with more than half being female (54.5%). Overall, 35.6% of the study population received an influenza vaccination, 46.0% were aged !65 years, and the prevalences of vascular disease, chronic lung disease and diabetes were 15.6, 9.1 and 9.9%, respectively. A description of the size and characteristics of each national sample is published as supplementary online material (Supplementary table S1 ). Figure 1 depicts influenza vaccination coverage within high-risk groups by countries (tabulated exact estimates can be found online, Supplementary tables 2-5) Coverage rates among high-risk groups varied considerably between countries across a range of >50%. The ranking of countries by coverage was similar across all high-risk groups: The Netherlands consistently had the highest coverage in each high-risk group (!75%) followed by the two Belgian samples (!64%). Germany (except for diabetes), Austria and Greece consistently had the lowest coverage across risk groups with Greece performing at the lowest levels (<27%) for all risk groups.
Multivariable ORs for influenza vaccination in high-risk groups are shown in figure 2 (see online material for exact estimates). The OR of vaccination for those aged !65 years (versus <65 years) was significantly elevated in all countries. However, the strengths of this association varied considerably between countries. The highest ORs were observed for the Netherlands (OR = 13.8, 95% CI 10.4-18.2), Denmark (OR = 10.2, 95% CI 6.9-14.8) and Sweden (OR=9.0, 95% CI=6.9-11.7), while the lowest ORs were found in Austria (OR = 2.0, 95% CI 1.6-2.5) and Germany (OR = 1.8, 95% CI 1.4-2.2). ORs were generally lower and less variable across countries for those at high risk based on the presence of specific diseases compared with those at high risk based on age. For individuals with chronic diseases, the highest ORs were consistently observed for The Netherlands (all ORs exceeding 4.3, P < 0.05). ORs for other countries were generally lower and all within the same range. Our analysis suggested that adults with chronic lung disease, vascular disease or diabetes were not significantly more likely to be vaccinated than adults without these conditions in a majority of countries.
When we used a cut-off at !60 years for all countries to define eligibility for vaccination based on age, countries' rankings according to ORs (for age or for high-risk disease groups) were not substantially affected.
Discussion
The present study found that influenza vaccination coverage in high-risk groups differed considerably between European countries in 2003-04. The ranking of countries was generally consistent across high-risk groups with The Netherlands and Belgium attaining the highest reported coverage rates while Germany, Austria and Greece had the lowest coverage. Further, our data suggest that older adults were targeted to a significant extent in some countries compared with those of younger age, but this finding varied profoundly between countries. With regard to chronic disease groups, the Netherlands appeared to have used a consistently more targeted approach than other countries. Individuals with chronic disease seemed to have been targeted less well than individuals identified as high risk by age.
Previous investigations collecting original data on influenza vaccination rates in multiple European countries include a series of studies conducted during various influenza seasons. 10, 20, 25 One study covering the 2003-04 influenza season, for example, examined rates in five European countries and reported vaccination prevalence estimates in line with our findings among adults aged !65 years. 20 A second study conducted within the same influenza season in a separate sample of nations 19 also agrees substantially with results from our study, while differing with respect to reports of higher vaccination coverage in older adults from Sweden (54% vs 46%) and lower coverage for Germany (41% vs 53%). We note, however, that the availability of a significantly larger sample of older adults enrolled in SHARE may have accounted for differences in estimate precision. Although other earlier reports on vaccination coverage in EU countries exist, 7,9 their reliance on dissimilar forms of data provided by national experts examining health record data, surveys or pharmaceutical data make comparison with our findings less accurate.
Our study found similar influenza vaccination coverage in the older age group and in groups at high risk due to chronic disease. This finding contradicts two earlier studies (Kroneman et al. 19 and Blank et al.
20
). Such inconsistency may result from different definitions applied to disease groups: Kroneman et al., 19 for example, defined the presence of chronic disease in adults younger than 65 years of age only while we defined disease risk groups without respect to age. As a result, many adults with chronic disease in our study may have been vaccinated because they also qualified for vaccination due to their age. We believe that the operational approach we used better reflects clinical decision making given a strong association between older age and the presence of chronic disease. The inconsistency of our findings with those of the study by Blank et al. 20 could be explained by differing age distributions of the samples under study. The mean age in SHARE was 64.5 years with a minimum age of 50 years; in contrast, the sample evaluated by Blank et al. 20 was generally younger with a smaller proportion of individuals with chronic disease. Only Kroneman et al. 19 defined specific chronic disease groups and found considerable between-country differences. The coverage rates among the high-risk groups of adults with heart disease, lung disease and diabetes were lower than in our study-probably due to differences in the definition of high-risk groups and the lower precision associated with smaller sample sizes.
Our data also suggest that the older adults were better targeted with regard to influenza vaccination than those with chronic disease. This finding is consistent with results from previous work 20 illustrating, for each of the five included countries, stronger associations between vaccination and older age than between vaccination and presence of a relevant chronic disease.
Vaccination effectively reduces the risk of adverse influenza-related health outcomes in older adults and in those with chronic diseases 4 and a targeted approach to vaccination of these risk groups represents a cost-saving preventive measure. 8 Although the WHA proposed a goal for vaccination coverage of 50% of older adults by 2006, 5 we observed a substantial shortfall in delivery of this public health measure among older adults as well as among individuals qualifying for vaccination due to disease in many European countries in 2003-04. Further, in many countries, vaccination efforts seemed to be targeted to a lesser extent. One explanation may be that health care systems perform very differently concerning the effective implementation and adherence to national vaccination guidelines. The vaccine distribution per 1000 individuals in 2003 in the countries included in this study 26 seems to have little bearing on the level of vaccination reported by respondents within our large international sample. For example, more vaccines were distributed in Germany than in Sweden 26 in 2003, but we found the prevalence of vaccination among older adults (and also adults aged 50-64 years) to be lower in Germany. Public reimbursement for influenza vaccination administration costs may also be a crucial factor. Influenza vaccination was, for example, not subsidized in Austria in 2003, 26 which may partly explain the low prevalence of vaccination in that country. However, public reimbursement is unlikely to fully explain our findings, as our data and those published previously 7, 10 suggest that vaccination uptake among high-risk groups in Europe seems to vary considerably even between those countries who fully reimburse vaccination of older adults and/or vaccination of individuals with underlying chronic disease. Studies from North America suggest however that introduction of free influenza immunizations may help to increase vaccination rates in high-risk groups. 27, 28 Country differences may also be explained by between-country variation in the prevalence of determinants of vaccination uptake. For instance, in many countries, socio-demographic factors such as income and education have been found to predict having a flu shot. 13, [29] [30] [31] [32] While we accounted for the confounding effects of these factors when we calculated country-specific ORs, we cannot rule out the possibility that these factors partially explain observed differences between countries. In our study, educational levels and the median income varied profoundly between the included countries (see Supplementary table S1), but the ranking of countries according to these demographics was not in close keeping with their ranking according to vaccination coverage or the odds of vaccination for high-risk groups. However, neither unmeasured confounding nor residual confounding (e.g. related to the measurement of demographics) can be excluded. In many countries, patients' risk awareness (e.g. the perception of influenza as a minor vs serious illness) has also been identified as a crucial factor in the decision to obtain an influenza vaccination or to refrain from it 10, 19, 20 and may partly explain cross-country differences observed in the current study. Another factor that may influence receipt of influenza vaccination is recommendation by a health-care worker. 10, 19, 20 A strong central role for general practitioners (GPs) within the Dutch health care system may explain why The Netherlands outperformed other European countries concerning the vaccination coverage of high-risk groups. This health care system relies strongly on GPs as the first point of contact for health care for the general population and as the gatekeeper for regulating access to more specialized care: Figure 2 Continued systems in which GPs play a dominant role may result in the more efficient coordination and targeted delivery of public health measures such as influenza vaccination. Indeed, this explanation is consistent with studies conducted in other national settings in which GPs play a central role in the health care system. 10, 20 These studies suggested that the UK has the most targeted approach to vaccination of older adults and, even more so, to vaccination of individuals with chronic disease.
Our study comprised nationally representative samples of more than 16 000 adults from 11 European countries and has several strengths. Among these, our data collection tools were carefully standardized for use across countries, a prerequisite for valid cross-country comparisons. Secondly, we minimized the likelihood of selection bias by using data from a study which, in contrast to similar work, achieved good to excellent response rates in all participating national settings. Finally, our estimates have a higher precision than those from earlier studies due to the larger samples of high-risk individuals. With regard to limitations, we acknowledge that our analyses relied on self-reports of influenza vaccination and chronic disease. These have, however, been shown to be sufficiently accurate. 33, 34 Secondly, one needs to bear in mind that data from most countries pertain to the 2003-04 vaccination season while data from the Belgian samples cover 2004-05, limiting their comparability. Furthermore, our findings may not reflect the current situation in Europe. Thirdly, in each country data were collected throughout various months. In 2004, for instance, most data were collected between April and October. We cannot rule out that recall of vaccination in those who responded to the questionnaire later in the year may have been less accurate than in those who responded earlier. Finally, sample sizes differed between countries, resulting in different degrees of statistical precision.
In conclusion, our study showed considerable differences between European countries with regard to influenza vaccination coverage among high-risk groups defined by age and the presence of chronic disease. The approach to influenza vaccination in The Netherlands deserves greater study to identify insights that may be transferable to other settings. Although international differences in risk awareness by health care consumers or in the role of the GP within national health care systems may explain our findings, further studies are needed to explore these hypotheses as efforts to develop interventions to safeguard public health within Europe and elsewhere.
Supplementary data
Supplementary data are available at EURPUB online.
Key points
Influenza vaccination coverage in older adults and in those with vascular disease, chronic lung disease, or diabetes differed considerably between European countries included in the Survey of Health, Ageing and Retirement in Europe (SHARE). Older adults were targeted to a significant extent in some countries compared with those of younger age, but this finding varied profoundly between countries. With regard to individuals with chronic disease, the Netherlands consistently seemed to have had a more targeted approach than other countries. Individuals with chronic disease were targeted less well than individuals identified as high risk by age. Our findings highlight potential opportunities for reducing influenza-related complications through support for vaccination programs that target high-risk individuals more effectively.
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Introduction
I
n March 2009, the first cases of a novel influenza A virus (A/H1N1) occurred in the USA 1,2 and in Mexico 3 and after documentation of human-to-human transmission of the virus in at least three countries in two of the six world regions, the World Health Organization (WHO) announced that the virus had become pandemic and raised the alert level to Phase 6. 4, 5 As a consequence, great concern has been raised and measures were put in place to contain the disease, including a novel influenza A/ H1N1 vaccine. In Italy, this vaccination was offered free of charge to the entire population and was provided by general practitioners and paediatricians working in the public network. Priority groups were identified in people >64 years of age, health-care workers, individuals <65 years of age with underlying chronic diseases presenting a higher risk of morbidity and mortality and pregnant women. The overall vaccination coverage for influenza A/H1N1 in the 2010 was very low with a value of 4.1%. 6 The population can play an important role in both the spread and control of the infection by adhering to recommendations of precautionary behaviours. However, the response is likely to be affected by the level of knowledge and by the risk perception of the severity of illness that the individuals observe in the community. To date, few studies have been conducted to investigate knowledge, attitudes and practice of the general population on this public health issue, [7] [8] [9] [10] [11] [12] [13] but no study has previously addressed these topics on parents. Therefore, because such information is important, the purposes of this study, conducted among a large random sample of parents in Italy, were to assess the current state of their level of knowledge, attitudes and behaviours regarding influenza A/H1N1 and also to investigate how a variety of factors may affect these outcomes of interest.
